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Abstract 
 
A mobile ad-hoc network (MANET) is a network 
formed without any central administration which 
consists of mobile nodes that use a wireless interface 
to send packet data. MANETs are extremely flexible 
and each node is free to move independently, in any 
random direction. Each node in MANET maintains 
continuously the information required to properly 
route traffic.  This paper is a survey of mobility 
models that are used in the simulations of ad hoc 
networks.  The  goal of this paper is to  provide a 
systematic and comprehensive comparative analysis 
of Synthetic Entity Mobility Models. We present 
simulation results that illustrate the importance of 
choosing a mobility model in the simulation of an ad 
hoc network protocol. Specifically, we point up how 
the performance results of an ad hoc network 
protocol drastically change as a result of changing 
the mobility model simulated. Performance analysis 
and comparison include much  of all the three 
mobility models results based on performances 
metric which are Routing Overhead, Throughput and 
Packet Delivery Ratio with fixed value of speed and 
various number of nodes. 
 
Keywords: Ad hoc Networks, Synthetic Entity Mobility 
Models, MANET. 
 
 
I.  Introduction 
 
Mobile Ad Hoc Networks (MANET) is a network 
consisting of mobile nodes with wireless connection 
(Mobile) and without central control (Ad Hoc). Each 
MANET node can serve as a router, and may move 
arbitrary and dynamically connected to form network 
depending on their positions and transmission range.  
 
 
The topology of the ad hoc network depends on the 
transmission power of the nodes and the location of 
the MNs, which may change with time. The presence 
of wireless communication and mobility make an ad 
hoc network unlike a traditional wired network, and 
requires the routing protocols used in ad hoc network 
based on new and different principles. Routing in ad 
hoc environment is one of the important issues of the 
most challenging and interesting research areas in 
MANET. Since mobile ad hoc network change their 
topology frequently, routing in such network is a 
challenging task. Generally, the main function of 
routing in a network is to detect  and maintain the 
optimal route to send data packets between source 
and destination via intermediate nodes.  
 
Mobility models can be classified to entity and group 
models. Entity models cover scenarios when mobile 
nodes move completely independently from each 
other, while in group models nodes are dependent on 
each other or on some predefined leader node. Since 
mobility patterns may play a significant role in 
determining the protocol performance, it is desirable 
for mobility models to emulate the movement pattern 
of targeted real life applications in a reasonable way. 
Otherwise, the observations made and the 
conclusions drawn from the simulation studies may 
be misleading. Therefore, when evaluating MANET 
protocols, it is necessary to choose the proper 
underlying mobility model and their impact on 
protocol performance.There are two types of mobility 
patterns used in the simulation of networks:  
 
•  Traces  
•  Synthetic  
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observed in real life systems. Traces provide accurate 
information, especially when  they involve a large 
number of participants and an appropriately long 
observation period. However, since MANETs have 
not been implemented and deployed on a wide scale, 
obtaining real mobility traces becomes a major 
challenge. In this type of situation it is necessary to 
use synthetic models.  
 
Synthetic: Synthetic attempt to realistically represent 
the behaviors of MNs without the use of traces. In 
this paper, we present several synthetic mobility 
models that have been proposed for (or used in) the 
performance evaluation of ad hoc network protocols. 
A mobility model should attempt to mimic the 
movements of real MNs. Changes in speed and 
direction must  occur and they must occur in 
reasonable time slots.  
 
The rest of  the paper is organized as follows. In 
Section 2, we define  about various  metrics  for 
synthetic  models. In section 3, we described  about 
types of random based synthetic models.  In section 4 
we define performance metrics used in simulation.  In 
section 5, we compare the performance of different 
random based synthetic models  under simulated 
environment and finally in section 6, we conclude the 
paper. 
 
II.  Metrics  For Synthetic Models 
 
There are various metrics that  systematically 
differentiate one from the other. The basis of 
differentiation is the extent to which a given mobility 
pattern captures the characteristics of spatial 
dependence, temporal dependence and geographic 
restrictions. In addition to these metrics, used is the 
relative speed metric that differentiates mobility 
patterns based on relative motion. Common mobility 
metrics [1] that  are used  to  quantitatively and 
qualitatively define the characteristics were detailed 
below. 
•  Node Degree (ND) 
•  Link Duration (LD) 
•  Relative Speed (RS) 
•  Degree of spatial dependence 
•  Degree of temporal dependence 
 
Node Degree (ND): Node Degree of a particular node 
is the average number of neighboring nodes with in 
the transmission range of the node over a unit time. 
The node degree for a model is the average of node 
degrees for all the nodes for a unit of time 
 
Where, N is the total number of nodes, T is the total 
simulation time and  N(i, t) is the number of 
neighboring nodes for the node i at time t. 
Link  Duration (LD):  Link Duration is the average 
duration of links between all node pairs. For  two 
nodes i and j, at time t1, duration of the link (i, j) is 
the length of the longest time interval (t1, t2) during 
which the two nodes are within the transmission 
range of each other. Moreover these two nodes are 
not within the transmission range at time t1 - Є and 
time t2 + Є for Є > 0. Formally, 
 
 
Relative Speed (RS): Relative Speed is the measure 
of the correlation between two nodes. The standard 
definition is 
 
Where vi and vj is the velocities of node i and j at 
time t respectively. The average relative speed is the 
more important term in the context of a mobility 
model. It is the average of RS over node pairs and 
time of simulation. 
 
Degree of spatial dependence: The movement pattern 
of a mobile node may be influenced by and correlated 
with nodes in its neighborhood. Degree of spatial 
dependency is a measure of the extent of similarity of 
the velocities of two nodes that are not too far apart. 
Formally, 
 
 
Where RD is the relative direction, which is cosine of 
the angle between the two vectors.  The value of 
Dspacial ( t, j, i )is high when the nodes i and j travel in 
more or less the same direction and at almost similar 
speeds. However  Dspacial  (  t, j, i )decreases if the 
relative direction or the speed ratio decreases. 
 
Degree of temporal dependence: It is a measure of 
the extent of similarity of the velocities of a node at 
two time slots that are not too far apart. It is a 
function of the acceleration of the mobile node and 
the geographic restrictions. Formally, 
 
 
The value of Dtemporal ( t, j, i′) is high when the node 
travels in more or less the same direction and almost 
at the same speed over a certain time interval that can 
be defined. However ,Dtemporal ( t, j, i′ ) decreases if 
the relative direction or the speed ratio decreases. 
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In random-based mobility models, the mobile nodes 
move randomly and freely without restrictions. To be 
more specific, the destination, speed and direction are 
all chosen randomly and independently of other 
nodes.  The aim of this paper  is to analyze the 
performance of Ad hoc On Demand Distance Vector 
(AODV) in different types of mobility model which 
are selected from Random-based Mobility group. 
AODV [6, 7] is basically designed as a single path 
routing protocol even though multiple routes can be 
detected due to routing discovery. AODV maintain 
only the optimal route, which has the minimum hop 
count. The three Random Based Synthetic Mobility 
Models that are chosen in this paper are: 
 
•  Random Walk Mobility Model (RW) 
•  Random Waypoint Mobility Model (RWP)  
•  Random Direction Mobility Model (RD) 
 
A.  Random Walk Mobility Model  
A model based on random direction  and speed.  A 
mobile node moves from its current location to a new 
location by randomly choosing a direction and speed 
in which to travel.  The Random Walk model is a 
memory less mobility process where the information 
about the previous status is not used for the future 
decision. That is to say, the current velocity is 
independent with its previous velocity and the future 
velocity is also independent with its current velocity. 
Node moves from its current location to a new one by 
randomly choosing: 
 
•  Direction between [0,2π] 
•  Speed between [MinSpeed, MaxSpeed] 
•  Either duration of movement tm OR  
distance  d 
 
Direction and speed are both uniformly distributed. A 
node which “crashes” against the boundary keeps on 
moving on an opposite direction between [0,  π] 
depending on the incoming one. 
 
                      Figure 1: Traveling pattern of an MN using the 2-D   
                                      Random Walk Mobility Model 
 
 
The Random Walk Mobility Model has proven to be 
one of the most widely used mobility models because 
it describes individual movements relative to cells  
[2, 3]. The MN begins its movement at position (0, 
0). At each point, the MN randomly chooses a 
direction between 0 and 2π and a speed between 0 
and 10 m/s. The MN is allowed to travel for a total of 
1 second before changing direction and speed. 
 
Observation: 
1)  Nodes start moving at t=0. Choosing a 
DURATION implies that all the nodes change 
directions at the same time and travel for different 
distances. In contrast, choosing a DISTANCE 
implies same distances but different duration.   
     
2) The pattern is memory-less i.e. current speed and 
direction do not depend upon the previous ones. 
Therefore, there will be sharp and sudden turns. 
 
3) Short tm or d leads the nodes to move around their 
current location. Unless it is necessary to study a 
semi-static network, they MUST be chosen large. 
 
B.  Random Waypoint Model 
The Random Waypoint Model was first proposed by 
Johnson and Maltz [5]. A model that includes pause 
times between changes in destination and speed. The 
Random Waypoint Mobility model is used to 
evaluate a multicast protocol for ad hoc networks [4]. 
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              Figure 1: Traveling pattern of an MN using the Random  
                              Waypoint Mobility Model  
 
It is a variation of Random Walk. It introduces the 
concept of pause time. A node randomly chooses 
(Parameters uniformly distributed): 
•  Pause Time (to wait before resuming the 
movement) [Pmin, Pmax] 
•  Direction [0, 2 π] 
•  Speed [Minvel, Maxvel] 
•  Destination point (x, y) to reach 
The Random Waypoint Mobility Model includes 
pause times between changes in direction and/or 
speed. An MN begins by staying in one location for a 
certain period of time (i.e., a pause time). Once this 
time expires, the MN chooses a random destination 
as well as a speed that is uniformly distributed 
between [0, MAXSPEED]. It then travels towards the 
newly chosen destination at the selected speed. Upon 
arrival, the MN takes another break before starting 
the process again. 
  
Observation: 
1) The duration of the movement depends on the 
destination point chosen. 
2) Nodes do not start roaming all together unless Pmin 
= Pmax = 0. 
3) The pattern becomes a Random Walk when (Pmin 
= Pmax = 0 ) AND ([Minvel, Maxvel] = [MinSpeed, 
MaxSpeed]) 
 
4) It is the most commonly used MM in ad-hoc 
network simulation studies (often times is modified). 
•  It needs particular attention to choose the 
initial locations. Discard the initial part of 
the simulation OR save the node’s location 
OR do not place the nodes randomly.  
•  The choice of Pauses and Speeds is relevant. 
Fast nodes and long pauses produce a more 
stable network than slow nodes and short 
pauses. 
•  The most argued issue is that nodes are more 
likely to be in the central part of the 
topology rather than close to the bounds. 
C. Random Direction Mobility Model 
The Random Direction Mobility Model [8] was 
created in order to overcome a flaw discovered in the 
Random Waypoint Mobility Model.  A Model that 
forces nodes to travel to the edge of the simulation 
area before changing direction and speed. A mobile 
node chooses a random direction in which to travel 
similar to the Random Walk Mobility Model. The 
node then travels to the border of the simulation area 
in that direction. Once the simulation boundary is 
reached, the node pauses for a specified time, 
chooses another angular direction (between 0 and 180 
degrees) and continues the process. 
 
 Nodes start moving by choosing: 
•  Direction between [0,2 π] 
•  Speed between [MinSpeed, MaxSpeed] 
•  Nodes will travel till the bound is reached. 
On this position they will stand for a pause 
time before leaving to a New-Direction [0, 
π]. 
  
 
          Figure 3: Traveling pattern of an MN using the Random   
                          Direction Mobility Model  
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 Nodes are forced to basically stay away from the 
center for the most of the time. In fact, they all pause    
somewhere on the perimeter. 
 
        Implications: 
1)  Average Hop count for Data-packets will be 
much higher than in R. Waypoint or R Walk. 
(nodes are  on average far from each others) 
 
2)  Higher probability to have Network partition 
(especially with few MNs). 
IV. Performance Evaluation 
For the simulation results, there are following 
performance metrics that have been used in our 
simulation: 
 
•  Routing Overhead 
•  Throughput 
•  Packet Delivery Ratio 
 
Routing Overhead:  The number of routing packets 
transmitted for every data packet sent. Each hop of 
the routing  packet is treated as a packet. Normalized 
routing load are used as the ratio of routing packets to 
the data packets.  
 
    Routing Overhead = control packets sent / delivery  
    packet sent 
 
 Throughput:  The rate of successfully transmitted      
 data per second in the network during the simulation. 
 
 Packet Delivery Ratio: The number of data packets    
 sent from the source to the number of received at the   
 destination. 
 
    PDR = (control packets sent-delivery packet sent) /    
    control packets sent 
 
 
V.  Simulation Environment  
 
Simulation  setup  of Random  Walk, Random 
Waypoint, Random Direction: 
 
–  The ns-2 simulator + AODV 
–  Long simulation 
–  20 CBR flows (constant packet 
rate, 64B/s) 
–  Routing Overhead, Throughput and 
Packet Delivery Ratio  
–  Mean + 95% confidence interval 
The simulation will conducted in two different 
scenarios  to gain a good result and shows the 
differences of the performance for each mobility 
model in different graphical format. 
 
1)  The first scenario is to compare  the mobility 
models in various numbers of nodes; 10, 15, 20, 
25 and 30 nodes with fixed speed 15 m/s. 
2)  The second scenario is to evaluated the mobility 
models in different node speed; 10, 15, 20 and 
25 m/s with  fixed the number of node to 50 
nodes. 
 
A. Various Number of Nodes 
 
In this scenario, all the three mobility models were 
tested on AODV  routing scheme to get the results 
based on three performances metric which are 
Routing Overhead, Throughput and Packet Delivery 
Ratio with fixed value of speed and various number 
of nodes. 
 
Figure 4,  shows that the Random Direction Model is 
generated the  highest routing  overhead compared 
with the other mobility model due to the movement 
of the each MN are being forced to the border of the 
simulation area before changing direction. Random 
Waypoint Model  performs lowest routing overhead 
and it’s good for the routing communication. All the 
mobility  models show that the routing overhead is 
increased when the number of number is increased. 
 
 
D Srinivasa Rao,T Susan Salami,G Sriram, Int. J. Comp. Tech. Appl., Vol 2 (3),675-682
679
ISSN:2229-6093 
 
Figure 4: Routing Overhead versus Number of Nodes 
 
Figure 5 shows that Random Waypoint Model 
performed better in delivering packet data to 
destination by considering the pause time every time 
changing their directions. All mobility models are 
decreased significant with the increasing of the 
number of nodes because the number of load is small 
and the traffic is not heavy. Based on this result, it 
shows that at node 15 all models are become stable 
and consistent with packet delivery ratio until node 
25. 
 
 
 
Figure 5: Packet Delivery Ratio versus Number of 
Nodes 
 
 
Figure  6,  shows  that  Random  Waypoint Model 
outperforms both Random Walk Model and Random 
Direction Model in calculating the throughput which 
measured the hops performed by  each packet. The 
higher throughput is contributed the lower delay 
because of the lower number of hop. The result also 
shows, after node 10 the value of throughput are 
started to decreased and at certain number of nodes 
and they are not consistent for all model. 
 
 
Figure 6: Throughput versus Number of Nodes 
 
B. Various Speed 
 
In this scenario, the number of nodes is fixed to 50 
nodes and will be compared with different value of 
speed; 10, 15, 20 and 25 m/s.  
 
Figure 7 shows the effect on the routing overhead is 
less with Random Waypoint. These results exist since 
MNs using the Random Waypoint are often traveling 
through the  centre of the simulation area so it not 
caused the higher overhead. RW is suffered a lot 
from routing overhead packets. The routing overhead 
are increasing when the number of speed average are 
increasing. 
 
 
Figure 7: Routing Overhead Versus Speed 
 
Based on Figure 8, Random Waypoint Model 
outperforms both Random Walk Model and Random 
Direction Model in delivery packet data to 
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performs poor which loss too many packets in their 
communication due to the highest routing overhead 
when changing the node direction and speed.  
 
 
 
Figure 8: Packet Delivery Ratio Versus Speed 
 
Figure 9 shows that Random Waypoint Model is 
perform better compared to the other mobility model 
but the result also show the throughput of Random 
Waypoint Model is consistency which is the 
increasing of the speed are not effected the 
performance. Meanwhile, the other two models show 
the  increasing of throughput when the number of 
speed average is increased. 
 
 
 
Figure 9: Throughput versus Speed 
 
 
 
 
VI. Conclusion and Future Work  
 
From analysis  and observation,  it shows that the 
different mobility model will give the different 
results with  different selected performance metrics 
and  Random  Waypoint Model is the best model 
which  outperforms both Random Walk Model and 
Random Direction Model in both scenarios. The 
results indicate that Random Waypoint produces the 
highest throughput but the throughput of the Random 
Walk Model and Random Direction drastically falls 
over a period of time. Further research on mobility 
models for ad hoc network protocol evaluation is 
needed. Future work is to devote further effort in 
examining the movements of entities in the real 
world to produce accurate mobility models and also 
to develop a new model that combines the best 
attributes to suite with current environment. 
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